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ENCODER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Application No. 2007 
266769, ?led Oct. 12, 2007, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an encoder that detects a 

relative displacement betWeen an encoder head and an 
encoder scale having a pattern of a prescribed cycle. 

2. Description of the Related Art 
Encoders are devices, each designed to generate a plurality 

of cyclic signals that are different in phase. The cyclic signals 
output from the encoder are supplied to a processing circuit 
Which measures the cycle of each signal. From the cycles 
measured, the processing circuit can determine, for example, 
the moving direction of the object having an encoder scale is 
moving, the position of the object takes, the displacement of 
the object, and the displacement speed of the object. 
An encoder con?gured to detect the displacement a relative 

displacement betWeen an encoder head an encoder scale hav 
ing a prescribed cyclic optical pattern is disclosed in, for 
example, Jpn. Pat. Appln. No. 6-26817. In the encoder, the 
light emitted from the light source mounted on the encoder 
head is applied to the encode scale that is moving relative to 
the encoder head. The light re?ected, diffracted or scattered at 
the encoder scale is guided to a plurality of light receiving 
elements provided on the encoder head. Assume that the light 
is guided to tWo light receiving elements arranged With a 
phase difference of 180 betWeen them. Then, the photoelec 
tric currents the light receiving elements have generated are 
input to the current-to-voltage conversion circuit incorpo 
rated in the encoder. The current-to-voltage conversion cir 
cuit converts the photoelectric currents into voltage signals 
VPA and VPAB, respectively. Each of the voltage signals 
VPA and VPAB contains not only the AC component repre 
senting the change in the intensity of light coming from the 
encoder scale, but also the DC component representing the 
?xed intensity of the light and the noise contained in the 
voltage signal. The noises contained in the voltage signals 
VPA and VPAB, respectively, are equal to each other. In order 
to remove the DC components and the noises from the voltage 
signals VPA and VPAB, the subtraction circuit provided in the 
encoder performs an operation of: VREF-(VPAB-VPA), 
Where VREF is a reference voltage. The subtraction circuit 
generates a cyclic signal VA that represents the change in light 
intensity only. The reference voltage VREF is a ?xed voltage 
that has been generated by dividing the poWer supply voltage 
VCC. The reference voltage VREF is applied to the current 
to-voltage conversion circuit and subtraction circuit. The ref 
erence voltage VREF is used as the reference level of cyclic 
signals. 
The encoder has a plurality of units, each composed tWo 

light receiving elements and a signal processing circuit. 
These units generate cyclic signals of different phases, Which 
are used as an encoder signal. The encoder can divide the 
phases of tWo cyclic signals that differ in phase by, for 
example, 90°, each into tens to thousands of segments. This 
enables the encoder to detect, at a higher precision, the rela 
tive displacement of the encoder head and the encoder scale. 
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2 
Hitherto, the AC component and the DC component are 

supplied to the tWo current-to-voltage conversion circuits 
associated With the tWo light receiving elements and are con 
verted to voltage signals. Thereafter, the subtraction circuit 
subtracts one of the tWo voltage signals differing in phase by 
180° from the other voltage signal, thereby eliminating the 
DC component contained in the same amount in the tWo 
voltage signals. To obtain the encoder signal that contains a 
little noise and greatly changes in voltage, each current-to 
voltage conversion circuit should better generate a su?i 
ciently large voltage signal and the subtracting circuit should 
not amplify the signal so much. 

In order to miniaturiZe the encoder, reduce the price of the 
encoder and loWer the poWer supply voltage of the encoder, 
the light source, the light receiving elements and a IC com 
prising the light source driver and signal processing circuit 
may be encapsulated in a transparent resin mass and mounted 
on the encoder head (the light receiving elements may be 
incorporated in the IC.) If the encoder is so con?gured, hoW 
ever, an DC component resulting from the light re?ected and 
scattered in the resin mass and not changing in magnitude, 
irrespective of the relative displacement of the light receiving 
elements and the encoder scale, Will be more generated than 
hitherto, in addition to the AC component and DC component 
that has resulted from the light re?ected, diffracted or scat 
tered at the encoder scale. In such a conventional encoder, the 
DC component not contributing to the encoder signal is so 
large that the current signal corresponding to the AC compo 
nent generated by each light receiving element cannot be 
converted into a voltage signal having su?icient amplitude by 
the current-to-voltage conversion circuit, Which should be 
supplied to the next-stage circuit. Further, the voltage signal 
may have a voltage falling outside the output range of the 
current-to-voltage conversion circuit, and no signals may be 
supplied to the next-state circuit. These problems are particu 
larly prominent if the poWer supply voltage VCC is loW. 
Moreover, such the encoder signal has an insu?icient ampli 
tude or an insuf?cient signal-to-noise ratio even if its phase 
angle is determined from its amplitude and then multiplied in 
accordance With the phase angle. Inevitably, the encoder can 
not detect the displacement at high precision. 

The problem resulting from the loW poWer supply voltage 
arises not only in re?ection-type encoders, but also in trans 
mission-type encoders. 

BRIEF SUMMARY OF THE INVENTION 

The present invention has been made In vieW of the fore 
going. An object of the invention is to provide an encoder that 
can be used at loW voltage and can detect displacement at so 
high precision as desired, even in an encoder Wherein the 
signal generated by each light receiving element has a rela 
tively large DC component that does not contribute to an 
encoder signal. 

According to an aspect of the present invention, there is 
provided an encoder comprising: 

an encoder scale having an optical pattern of a prescribed 
cycle; and 

an encoder head con?gured to be displaced relative to the 
encoder scale, 

the encoder head including: 
a reference voltage generating circuit con?gured to gener 

ate a reference voltage set to the center amplitude of an 
encoder signal When the output of the encoder is an 
encoder signal having periodicity of at least one phase; 
and 
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a changing unit con?gured to change the reference voltage 
generated in the reference voltage generating circuit. 

The present invention can provide an encoder so con?g 
ured that the reference voltage can be changed, Which is the 
center voltage of the cyclic encoder signal that an encoder 
head outputs based on the displacement the encoder head has 
relative to the encoder scale having a prescribed cyclic pat 
tern. Hence, the encoder can set an appropriate reference 
voltage not only in the case Where it is used at loW voltage, but 
also in the case Where it is used to detect the replacement at 
high precision. In other Words, the encoder according to the 
invention can Well copes With both cases. 

Advantages of the invention Will be set forth in the descrip 
tion Which folloWs, and in part Will be obvious from the 
description, or may be learned by practice of the invention. 
Advantages of the invention may be realiZed and obtained by 
means of the instrumentalities and combinations particularly 
pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate embodi 
ments of the invention, and together With the general descrip 
tion given above and the detailed description of the embodi 
ments given beloW, serve to explain the principles of the 
invention. 

FIG. 1 is a diagram shoWing the con?guration of an 
encoder according to a ?rst embodiment of the present inven 
tion; 

FIG. 2 is a diagram showing that section of a signal pro 
cessing circuit, Which generates an A-phase cyclic signal of 
an encoder signal; 

FIG. 3 is a Waveform diagram explaining the encoder sig 
nal; 

FIG. 4 is a diagram shoWing the con?guration of an 
encoder according to a second embodiment of the present 
invention; 

FIG. 5 is a diagram shoWing the con?guration of an 
encoder according to a third embodiment of the invention; 
and 

FIG. 6 is a diagram shoWing the con?guration of an 
encoder according to a fourth embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The best modes for carrying out the present invention Will 
be described With reference to the accompanying draWings. 

First Embodiment 

As shoWn in FIG. 1, an encoder according to the ?rst 
embodiment of this invention is a refractive-type encoder. 
The encoder comprises an encoder scale 10 and an encoder 
head 12. The encoder scale 10 and the encoder head 12 move 
relative to each other. 

Although not shoWn in FIG. 1, a prescribed cyclic optical 
pattern is formed on the encoder scale 10. 

The encoder head 12 holds a light source unit 14, a light 
receiving element unit 16, a signal processing circuit 18, a 
reference voltage generating circuit 20, and a reference volt 
age changing circuit 22. The light source unit 14 includes 
interferential light sources. 
As shoWn in FIG. 2, the light source unit 14 of the encoder 

head 12 comprises a light source 24, and a resistor 26. The 
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4 
resistor 26 is connected to the light source 24 in serials, 
determining the voltage applied to the light source 24. The 
light emitted from the light source 24 is re?ected, diffracted or 
scattered at the encoder scale 10, reaching the encoder head 
12. The light is then applied to the light receiving element unit 
16. That is, the light guided to the encoder head 12 is changed 
in amount due to the relative displacement of an encoder head 
and an encoder scale. The light receiving element unit 16 
detects this change in the amount of the light. The light 
receiving element unit 16 has pairs of light receiving ele 
ments. Each light receiving element generates a photoelectric 
current signal that representing the amount of the light the 
element has received. The signal processing circuit 18 con 
verts the photoelectric current signals generated by the pairs 
of light receiving elements, into an encoder signal having 
different phases. The encoder signal constitutes an output 
signal of the encoder head 12. 

For obtaining an A-phase cyclic signal, the light receiving 
element unit 16 may have, for example, a pair of light receiv 
ing elements 28A and 28B that differ in phase by 180° from 
each other as is illustrated in FIG. 2. The photoelectric current 
signal the light receiving element 28A generates is input to a 
current-to-voltage conversion circuit 30A, Which comprises a 
resistor 32A and operation ampli?er 34A. The current-to 
voltage conversion circuit 30A converts the photoelectric 
current signal into a voltage signal VPA. Similarly, the pho 
toelectric current the light receiving element 28B generates is 
input to a current-to-voltage conversion circuit 30B, Which 
comprises a resistor 32B and operation ampli?er 34B. The 
current-to-voltage conversion circuit 30B converts the pho 
toelectric current output by the element 28B into a voltage 
signal VPAB. Each of the voltage signals VPA and VPAB 
includes not only an AC component (i.e., a component rep 
resenting an intensity change of the light from the encoder 
scale 10), but also DC component (i.e., a component repre 
senting the light Which has a constant intensity) and noise. 
Note that the noise in the voltage signal VPA is equal to the 
noise in the voltage signal VPAB. To remove the DC compo 
nent and the noise from each voltage signal, a subtraction 
circuit 36 performs subtraction of: VREF-(VPAB-VPA), 
Where VREF is reference voltage generated in the reference 
voltage generation circuit 20. The reference voltage VREF is 
varied by the reference voltage changing circuit 22 and then 
supplied, as Will be described later. 

Thus, a cyclic signal VA is obtained, Whose sole compo 
nent is a change in light intensity. The encoder, Which has 
pairs of light receiving elements, generates a plurality of 
cyclic signals of different phases, Which are output as an 
encoder signal. 
The encoder may divide the phase difference betWeen the 

tWo cyclic signals of phases (e.g., phase A and phase B) that 
differ by 90°, into tens to thousands of segments, thereby to 
detect the change in light intensity more minutely. 
The signal processing circuit 18 may include a circuit for 

applying a given gain, as Will be described in connection With 
a fourth embodiment of this invention. 
The cyclic signals the encoder head 12 (more precisely, 

signal processing circuit 18) outputs are such quasi-sine 
Wave signals as shoWn in FIG. 3. The quasi-sine-Wave signals 
having a phase difference of 90° of FIG. 3 are a 2-phase 
encoder signal. The center voltage (amplitude) of the cyclic 
encoder signal is equal to the reference voltage VREF. The 
reference voltage VREF has been generated by the reference 
voltage changing circuit 22, Which changes the prescribed 
voltage generated by the reference voltage generation circuit 
20. The reference voltage VREF generated by the reference 
voltage changing circuit 22 is applied to the signal processing 
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circuit 18 and is used as the reference voltage for the encoder 
signal, i.e., the output signal of the encoder head 12, or as the 
reference voltage for the current-to-voltage conversion cir 
cuits 30A and 30B. This reference voltage may be used to 
drive the circuit (not shoWn) that in turn drives the light source 
24. 

The reference voltage generation circuit 20 may be pro 
vided outside the encoder head 12, not in the encoder head 12 
as described above. In this case, the voltage the circuit 20 
generates is applied to the encoder 12. 

In the above-described con?guration, the reference voltage 
changing circuit 22 changes the reference voltage VREF 
When the current-to-voltage conversion circuits 30A and 30B 
coverts, into voltage signals, the signals output by the light 
receiving element unit 16 and representing the relative dis 
placement betWeen the encoder scale 10 and the encoder head 
12. The value by Which reference voltage changing circuit 22 
changes the reference voltage VREF is determined from the 
signal components not depending on the displacement, the 
signal components depending on the displacement, and the 
input/output range tolerance alloWing the current-to-voltage 
conversion circuits 30A and 30B to operate irrespective of the 
poWer supply voltage VCC. The encoder head 12 can there 
fore output an appropriate encoder signal that servers the 
purpose. 

Resolution as high as quarter (1A) cycle of the encoder 
signal that is a cyclic signal must be obtained, and the poWer 
supply voltage VCC should yet be loWered as much as pos 
sible. In such a case, the reference voltages for the current 
to-voltage conversion circuits 30A and 30B are set to such 
values that the circuits 30A and 30B may have a maximum 
operating range, and the reference voltage of the encoder 
signal is set to about half (1/2) the poWer supply voltage VCC. 
Then, a signal much larger than the noise can be attained, even 
at a loW poWer supply voltage VCC. 

It may be desired that the resolution should be divided into 
thousands of segments of the encoder signal cycle and the 
segment signals thus obtained should be set at more regular 
intervals, thereby to improve the linearity, though the poWer 
supply voltage VCC remains not set. In such a case, the poWer 
supply voltage VCC may be set to such an appropriate value 
that the setting the reference voltages of the current-to-volt 
age conversion circuits 30A and 30B and the reference volt 
age of the encoder signal may become about half (1/2) the 
poWer supply voltage VCC. Alternatively, the reference volt 
age for the encoder signal may be set to about the center 
voltage of the circuit that receives the encoder signal. 

Voltage about half (1/2) the poWer supply voltage VCC can 
be attained by providing resistors each having the same resis 
tance and connected in series, betWeen the poWer supply 
voltage VCC and the ground (GND). This method, hoWever, 
should not be employed, because it may impose the noise, 
ripple or change in the poWer supply on the encoder signal. 

In the ?rst embodiment described above, the reference 
voltage VREF, i.e., the center voltage, can be changed in the 
cyclic encoder signal that the encoder head 12 has output 
based on the relative displacement betWeen the encoder scale 
10, Which has a prescribed cyclic pattern, and the encoder 
head 12. This makes it possible to determine the performance 
of the encoder if the reference voltage can have at least tWo 
values (potentials) regarding the poWer supply voltage VCC 
for driving the encoder head 12. Hence, even if the encoder 
head is one Which uses a relatively loW poWer supply voltage 
VCC, it can be used as an encoder head that can output an 
encoder signal of quasi-sine Waveform, Which has a high 
signal-to-noise ratio and little distortion, Which can undergo 
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6 
phase division at high resolution, and Which consists of seg 
ment set at more regular intervals and therefore has high 
linearity. 

Thus, the present embodiment can provide an encoder that 
may be used in various cases, not only in the case Where the 
poWer supply voltage VCC is loW and the resolution is loW, 
but also in the case Where high resolution should be achieved. 

Second Embodiment 

A second embodiment of this invention Will be described 
With reference to FIG. 4. FIG. 4 is a diagram shoWing the 
con?guration of an encoder according to the second embodi 
ment of the invention. The components identical to those 
shoWn in FIG. 1 are designated by the same reference num 
bers and Will not be described. 
The encoder according to this embodiment comprises an 

encoder scale 10 and an encoder head 38. The encoder head 
38 may be displaced relative to the encoder scale 10 having a 
prescribed cycle optical pattern. The encoder head 38 com 
prises a light source unit 14, a light receiving element unit 16, 
a signal processing circuit 18, a reference voltage generating 
circuit 20, a selection circuit 40, and a band-gap reference 
circuit 42. 

In the present embodiment, the reference voltage generat 
ing circuit 20 generates a plurality of reference voltages (ref 
erence voltages 1, 2, 3, . . . , n), and the selection circuit 40 
selects one of these reference voltages in accordance With the 
use state of the encoder head. The reference voltage selected 
is applied to the signal processing circuit 18. Note that the 
selection circuit 40 is set in accordance With an instruction 
coming from outside the encoder head 38. 
The band-gap reference circuit 42 is a circuit that is con 

?gured to generate a constant voltage that is little in?uenced 
by changes in the poWer supply voltage VCC or changes in the 
temperature. The voltage the band-gap reference circuit 42 
can generate is almost constant, irrespective of the changes in 
the poWer supply voltage VCC and the changes in the tem 
perature. The reference voltage generating circuit 20 is con 
?gured to utiliZe such almost constant voltage output from the 
band-gap reference circuit 42. In the second embodiment 
described above, the reference voltages can be set for various 
states in Which the encoder head may be used. Further, the 
setting can be selected in accordance With the use state of the 
encoder head. Therefore, the encoder can be used in any one 
of various Ways, in accordance With the purpose for Which the 
user uses the encoder. 

The selection circuit 40 can select one of the above-men 
tioned reference voltages (reference voltages 1, 2, 3, . . . , n), 
as the reference voltage VREF of the encoder signal. The 
reference voltages necessary at some components, such as 
current-to-voltage conversion circuits 30A and 30B and the 
circuit (not shoWn) that drives the light source 24, may be 
selected, in combination, by selection circuit 40 in accor 
dance With the use state of the encoder head. 

In FIG. 4, only one reference voltage generating circuit 20 
is illustrated. Nonetheless, tWo or more reference voltage 
generating circuits may of course be provided. 

Third Embodiment 

A third embodiment of this invention Will be described 
With reference to FIG. 5. FIG. 5 is a diagram shoWing the 
con?guration of an encoder according to the third embodi 
ment of the invention. The components identical to those 
shoWn in FIGS. 1 and 4 are designated by the same reference 
numbers and Will not be described. 
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The encoder according to this embodiment comprises an 
encoder scale 10 and an encoder head 44. The encoder head 
44 can be displaced relative to the encoder scale 10 having a 
prescribed cycle optical pattern. The encoder head 44 com 
prises a light source unit 14, a light receiving element unit 16, 
a signal processing circuit 18, a reference voltage generating 
circuit 20, a selection circuit 40, a band-gap reference circuit 
42, a ?rst reference voltage generating circuit 46-1, a second 
reference voltage generating circuit 46-2, sWitches 48-1 and 
48-2, a circuit stopping/ starting unit 50, and a storage unit 52. 

In this embodiment, tWo circuits are provided to generate 
reference voltages. They are a ?rst reference voltage gener 
ating circuit 46-1 and a second reference voltage generating 
circuit 46-2. The selection circuit 40 selects one of the refer 
ence voltage generating circuits 46-1 and 46-2, before any 
reference voltage is applied to the signal processing circuit 
18. The sWitch 48-1 is connected betWeen the signal process 
ing circuit 18 and the ?rst reference voltage generating circuit 
46-1. The sWitch 48-2 is connected betWeen the signal pro 
cessing circuit 18 and the second reference voltage generating 
circuit 46-2. The sWitches 48-1 and 48-2 are complementarily 
operated, one selected While the other not selected by the 
selection circuit 40. 
The circuit stopping/ starting unit 50 interrupts the supply 

of poWer to one of the ?rst and second reference voltage 
generating circuits 46-1 and 46-2, Which is not used. This can 
reduce the poWer consumption. The circuit stopping/ starting 
unit 50 operates in accordance With an instruction coming 
from the selection circuit 40. 

The data representing Which sWitch, sWitch 48-1 or sWitch 
48-2, the selection circuit 40 has selected, is stored in the 
storage unit 52. In accordance With this data stored in the 
storage unit 52, the sWitch 48-1 or 48-2 and the circuit stop 
ping/ starting unit 50 are operated. The storage unit 52 may be 
an electronic memory. Alternatively, the storage unit 52 may 
be constituted by connecting terminals physically With elec 
trically conductive members such as bonding Wires, bumps or 
sliver past masses. In Whichever Way it is fabricated, the 
storage unit 52 achieves the same advantage. 
Note that the selection circuit 40 operates in response to an 

instruction coming from outside the encoder head 44. 
In the third embodiment described above, reference volt 

ages can be set for various states in Which the encoder head 
may be used, and the setting can be selected in accordance 
With the use state of the encoder head. Therefore, the encoder 
can be used in any one of various Ways, in accordance With the 
purpose for Which the user uses the encoder. 

Since no poWer is supplied to one of the ?rst and second 
reference voltage generating circuits 46-1 and 46-2, Which is 
not used, the poWer consumption can be reduced. Moreover, 
the use of the encoder head 44 can be set When the method of 
using the encoder is set, because the storage unit 52 stores the 
data representing Which sWitch the selection circuit 40 has 
selected, sWitch 48-1 or sWitch 48-2. Therefore, the encoder 
can be utiliZed Without setting by the user. 
As pointed out above, the storage unit 52 may be an elec 

tronic memory. In this case, the data stored in the storage unit 
52 can be reWritten. By contrast, if the storage unit 52 is 
constituted by connecting terminals physically, it can reliably 
store the data representing Which sWitch the selection circuit 
40 has selected. 

Furthermore, the sWitches 48-1 and 48-2 can reliably 
sWitch the reference voltage, from one to the other. 
As FIG. 5 shoWs, the encoder head 44 according to the third 

embodiment has tWo reference voltage generating circuits 
and tWo sWitches. The number of reference voltage generat 
ing circuits and that of the sWitches are not limited to tWo. The 
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8 
encoder head 44 may have as many reference voltage gener 
ating circuits and sWitches as desired. 

Fourth Embodiment 

A fourth embodiment of this invention Will be described 
With reference to FIG. 6. FIG. 6 is a diagram shoWing the 
con?guration of an encoder according to the fourth embodi 
ment of the invention. The components identical to those 
shoWn in FIGS. 1, 4 and 5 are designated by the same refer 
ence numbers and Will not be described. 
The encoder according to this embodiment comprises an 

encoder scale 10 and an encoder head 52. The encoder head 
52 may be displaced relative to the encoder scale 10 having a 
prescribed cycle optical pattern. The encoder head 52 com 
prises a light source unit 14, a light receiving element unit 16, 
a signal processing circuit 18, a selection circuit 40, a band 
gap reference circuit 42, a ?rst reference voltage generating 
circuit 46-1, a second reference voltage generating circuit 
46-2, sWitches 48-1 and 48-2, a circuit stopping/starting unit 
50, and a poWer supply voltage determination unit 54. The 
signal processing circuit 18 has a gain sWitching circuit 56 
that imparts a prescribed gain to the encoder signal in the 
signal processing circuit 18. 
The poWer supply voltage determination unit 54 is con?g 

ured to determine the poWer supply voltage VCC applied to 
the encoder head 52 in at least tWo values. The values are, for 
example, 3 and 5V. The gain sWitching circuit 56 is con?g 
ured to change the amplitude of the encoder signal in accor 
dance With the reference voltage that the selection circuit 40 
has set for the encoder signal. 

In the fourth embodiment so con?gured as described 
above, the encoder head 52 can use one of at least reference 
voltages that have been preset, if the user of the encoder only 
applies a poWer supply voltage VCC to the encoder. In accor 
dance With the reference voltage used, the encoder signal can 
acquire optimum amplitude. 
Assume that the reference voltage of 3V is applied to the 

encoder head 52, Whereby the resolution or the linearity can 
be sacri?ced. In this case, the selection circuit 40 selects the 
?rst reference voltage generating circuit 46-1, Which gener 
ates a reference voltage of about 1.5V. At the same time, the 
selection circuit 40 causes the gain sWitching circuit 56 to 
select such a small gain that the encoder head 52 may output 
an encoder signal having a amplitude of about 1 VPP. 
The reference voltage of 5V may be applied to the encoder 

head 52, Whereby either the resolution or the linearity can be 
ensured. In this case, the selection circuit 40 selects the sec 
ond reference voltage generating circuit 46-2, Which gener 
ates a reference voltage of about 2.5V. At the same time, the 
selection circuit 40 causes the gain sWitching circuit 56 to 
select such a prescribed gain that the encoder head 52 may 
output an encoder signal having a amplitude of about 3 VPP. 
The ?rst to fourth embodiments of this invention have been 

described. The present invention is not limited to the embodi 
ments, nevertheless. Various changes and modi?cations can 
be, of course, made Within the scope and spirit of the inven 
tion. 

For example, any embodiment described above can 
achieve basically the same advantage, even if it does not use 
at least one component or even if it has at least one component 
of any other embodiment, as an additional component. 
The encoder heads 12, 38, 44 and 52 may be a combination 

of such components as can be fabricated on the same semi 
conductor substrate. Then, they can be each a very small 
encoder head that is inexpensive and can serve various pur 
poses. 
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The embodiments described above are re?ection-type 
encoders. Nonetheless, the present invention can be applied 
to a transmission-type encoder in Which the light source 14 
and the light receiving element unit 16 oppose each other 
across the encoder scale 10. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in its 
broader aspects is not limited to the speci?c details and rep 
resentative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. An encoder comprising: 
an encoder scale having an optical pattern of a prescribed 

cycle; and 
an encoder head con?gured to be displaced relative to the 

encoder scale, Wherein 
the encoder head including: 

a reference voltage generating circuit con?gured to gen 
erate a reference voltage set to the center amplitude of 
an encoder signal When an output of the encoder is the 
encoder signal having periodicity of at least one 
phase; and 

a changing unit con?gured to change the reference volt 
age generated in the reference voltage generating cir 
cuit. 

2. The encoder according to claim 1, Wherein 
the reference voltage generating circuit is con?gured to 

generate a plurality of reference voltages, and 
the changing unit includes a selection unit con?gured to 

select one of the pluralities of reference voltages. 
3. The encoder according to claim 1, Wherein the reference 

voltage generating circuit includes a band-gap reference cir 
cuit con?gured to generate a constant voltage and is con?g 
ured to generate a plurality of reference voltages based on the 
constant voltage generated by the band-gap reference circuit. 
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4. The encoder according to claim 2, Wherein the changing 

unit includes a sWitch con?gured to select one of the plurali 
ties of reference voltages in accordance With the selection of 
the selection unit. 

5. The encoder according to claim 2, Wherein 
the changing unit further includes a determination unit 

con?gured to determine the value of a poWer supply 
voltage, and 

the selection unit is con?gured to select one of the voltages 
in accordance With the poWer supply voltage determined 
by the determination unit. 

6. The encoder according to claim 4, Wherein 
the changing unit further includes a storage unit con?gured 

to store a sWitch setting of the sWitch, and 
the selection unit is con?gured to changing over the sWitch 

in accordance With the setting of the sWitch setting 
stored in the storage unit. 

7. The encoder according to claim 6, Wherein the storage 
unit is con?gured to store the sWitch setting electrically. 

8. The encoder according to claim 6, Wherein the storage 
unit is con?gured to store the sWitch setting by using a physi 
cal circuit connection. 

9. The encoder according to claim 1, Wherein the encoder 
head further includes a gain sWitching unit con?gured to 
change the amplitude of the encoder signal having periodicity 
of at least one phase, as the reference voltage is changed. 

10. The encoder according to claim 2, Wherein 
the reference voltage generating circuit includes a plurality 

of voltage generating units for generating the plurality of 
reference voltages, and 

the encoder head further includes a circuit stopping/start 
ing unit con?gured to stop and start those of the voltage 
generating units, Which generate reference voltages not 
selected by the selection unit. 

11. The encoder according to claim 1, Wherein the encoder 
head is constituted by a semiconductor circuit. 

* * * * * 


